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DEFORMATION OF CONTOURS OF CONSTANT TOTAL PRESSURE FOR VARIOUS JET NOZZLE-CURVED ATTACHMENT WALL GEOM.ETRZES ABSTRACT 
Ako Kodzo Odotei 
This experimental study is comprised of three different aspects 
of a nozzle (aspect ratio of three to one) - curved wall combination. 
Complete contours of constant total pressure were constructed at var-
ious arc lengths from the nozzle exit for each of the nozzle-attachment 
wall geometries in the three phases of this study. 
The first phase of this study was a comparison between the curved 
reattachment wall having a sharp leading edge and a round leading edge. 
It was found that in the sharp leading edge case, there resulted core 
acutely distorted contours of constant total pressure than for tl1e case 
of the round leading edge. The growth of these defonnations \;itr1 arc 
. length from the nozzle exit was examined • 
The second part of this work was a comparison between the wall 
'jet formed f~om a nozzle (B) with a straight-~alled contraction contour 
with that formed from a concave-convex nozzle (A) with a flow straight• 
ener in it. The difference in the shapes of the leading edge of the 
wall did not have an effect on the jet total pressure distributions 
for the case of the nozzle with the straight wall contraction contour, 
apparently because just outside the nozzle exit, the core rlow of the 
jet experienced a vena contracta. Also, the jet formed froi":1 I.1ozz le B 
decayed more rapidly., on the average, than the jet from nozzle ,\. An 
~mportant finding is that for the case of nozzle B, which possessed an 
·essentia1ly uniform total pressure distribution at the nozzle exit, 
the· flow downstream of the nozzle exit:_~was highly three-dimensional. 














setbacks of zero and one nozzle width. The overall shapes of the re-
sultant contours of constant total pressure were noted to be similar 
except that the contours for the case of the wall with setback exper-
ienced a nstretching" in the direction normal to the attachment wall 
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Constant contours of total pressure of a wall jet on a circular reattachment wall; nozzle A, FS, R/\·i =:l 20, S/'W 
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. Re C 12,400, e = 12°, AR~ 3, sharp leading edge • (TNe same scale is used for all curves). 
Constant contours of total pressure of a wall jet on a circular reattachment wall; nozzle 1\, FS) R/\·l = 20, S/W =.O, Rew C 12,400, e C 12°, ARC 3, round leading edge. (The same scale is used for all curves). 
Total pressure distribution in a wall jet on a circular reattachment wall, nozzle A, FS, R/\:J = 20, S/\'-tT ~ OJ 
. ReW ~ 12,400, 8 i::: 12°, AR == 3, (heavy lines: sharp leading edge; dashed lines: round leading edge) (The same scale is used for all curves). 
Constant contours of total pressure of a wall jet on a circular reattachment wall; nozzle A, FS, R~~ c 12,400, 8 = 30°, AR= 3, sharp leading edge. (The same scale is used for all curves). 
·Constant contours of total pressure of a wall jet on a· circular reattachment wall; nozzle A, FS, R/\·l O 20, S/W = o, Rew C 12,400, e ::::: 30°' .AR r=: 3., round leading edge (The same scale.is used for all curves). 
Total pressure distribution in a wall jet on a circular . reattachment wallj nozzle A, FS., R}w = 20., s/r.,:; ~ OJ 
.. 
Re = 12,400, 6 = 30°, AR= 3, (heavy lines: sharp le~ding edge; dashed lines: round leading edge) (The same scale is used for all curves). 
Constant contours of total pressure of a wall jet on a circular reattachment wall; no le A, FS, R/W • 20, S/W • O, Re a 12,400, 6 a 42°, AR m 3~ sharp leading .edge (The ltame. sc;ale .is used for all curves). 
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Figure 19 • 
Figure 20. 








Constant contours of total pressure of a wall jet on a circular reattachment wall; nozzle A, FS, R/W a 20, S/W = o, Re C: 12,400, e C 42°, 1\R::? 3, round leading edge (The Warne scale for all curves). 
Total pressure distribution in a wall jet on a circular reattachment wal 1; nozz 1 e A, FS) R/\•l == 20, S /\.,r == 0, Rew :::: 12,400' e C 42 °' AR == 3) (heavy 1 incs: sharp leading edge; dashed lines: round leading edge) (The same scale is used for all curves). 
" 
Constant contours of total pressure of a wall jet on a circular reattachment wall; nozzle B, no flow straightener (NFS) , R/ W = 2 0 , S / W = 0 , Re = 12 ., 40 0; 8 = 3 0 ° ) ,\. R C! 3 , sharp leading edge (The sam~ scale is used for all curves). Constant contours of total pressure of a wall jet on a circular reattachment wall; nozzle B, FS, R/W ~ 20, S/W • 0 1 Re = 12,400, e c 30°, AR= 3, round leading edge (The saMe scale is used for all curves). 
Gonstant contours of total pressure of a wall jet on a circular reattachment wall; nozzle B, NFS, R/W = 20, S/W =~,Rew= 12,400, 0= 6°, 1\R = 3, sl1arp leading edge . (The same scale is used for all ct-1r·ves). 
Constant contours of total pressure of a wall jet on a circular reattachment wall; nozzle B, NFS, R/W = 20, S/W = 1, Re = 12,400, 6 = 6°, AR = 3, sl1ariJ leading edge . (The Warne scale is used for all ct1rvcs). 
Constant contours of total pressure of a ,~all jet on a circular reattachment wall; nozzle B, NFS, R/W = 20, S /W = 0 , Re = 12 , 40 0 , 6 = 3 0 ° , AR = 3 ) s r1 ~1 r p 1 e [l d in g edge,· dashe'=i lines: S/W = 1, continuous lines: S/W • O_ .. (The same scale is used for all cl1rves). 
Constant contours of total pressure of a wall jet on a circular reattachment wall; nozzle B, NFS, IZ/T.,i..' = 20, S/W = O, Re = 12,400, 9 :::: 42° J 1\R == 3) sl1arp le;..1Jing edge, dashe~ lines: S/W = 1, continuous lines: S/~ a 0 (The same scale is used for all curves). 
Total pressure profile at midplane (Z c 0) in a wall jet on a circular reattachment wall; nozzle A, FS, R/W O 20, .S/W a o, Re C 12,400, e O 12°, AR a 3, round leading edge~ (The Vame scale is used for all curves). 
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This experimental study is comprised of three different aapecta 
of a nozzle (aspect ratio of three to one) - curved wall combination. 
Complete contours of constant total pressure were constructed at var-
ious arc lengths from the nozzle exit for each of the nozzle-attachment 
wall geometries in the three phases of this study. 
The first phase of this study was a comparison between the curved 
reattachment wall having a sharp leading edge and a round leading edge. 
It was found that in the sharp leading edge case, there resulted r.aore 
acutely distorted contours of constant total pressure than for the case 
of the round leading edge. The growth of these defonnations with arc 
. length from the nozzle exit was examined. 
The second part of this work was a comparison between the wall 
~ 
jet formed from a nozzle (B) with a straight-walled contraction contour 
with that formed from a concave-convex nozzle (A) with a flow straight-
ener in it. The difference in the shapes of the leading edge of the 
wall did not have an effect on the jet total pressure distributions 
for the case of the nozzle with the straight wall contraction contour, 
apparently because just outside the nozzle exit, the core flow of the 
jet experienced a vena contracta. Also, the jet formed from nozzle B 
decayed more rapidly, on the average, than the jet fron1 nozzle 1\. An 
important finding is that for the case of nozzle B, whict1 possessed a.n 
essentially uniform total pressure distribution at the nozzle exit, 
the·flow downstream of the nozzle exit was highly three-dimensional. 
The third part of this study involved reattachment walla with 
.. 
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setbacks of zero and one nozzle width. The overall shapes of the re-
sultant contours of constant total pressure were noted to be similar 
except that the contours for the case of the wall with setback exper• 
ienced a •stretching" in the direction normal to the attachment wall 
relative to the contours for the case of no setback • 
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power jet nozzle shape, see figure 2 
a Aspect Ratio, ·h/W 
a power jet nozzle shape, see figure 2 
a ·width of control port 
a nozzle exit height 
.. 
a ~length of control_·port 
• 
• 










... total pressure in potential core at nozzle exit 
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D nozzle exit Width 
· .D ·1ongi tudinal distance measured from nozzle exit c + r 8. 
• distance normal to the surface of reattachment wall . 
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-• kinematic viscosity .,- -- . ' . . . . •·· .. 
• angular position along reattachment wall 
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In t-he field of fluidics, it is well known that bistable amplifiera 
are the heart of digital systems. Since all bistable amplifiers have a 
set of reattachment walls, a knowledge of the jet flow characteristics 
for jets flowing along these attachment walls is of prime interest. Thia 
paper considers some basic jet nozzle-reattachment wall combinations, 
and the resultant jet flow characteristics. 
Among the considerations in the design of a nozzle-reattachment 
wall combination are the effects of the nozzle shape on the three-
dimensionality of the downstream jet, the effects of the shape of the 
leading edge of the wall on the development of the jet, and the relative 
overall total pressure available at a given distance downstream for jeta 
issuing from different types of nozzles. 
1 In the study of references [8, 9] , which are the most recent papers 
on three-dimensional effects in jets and nozzles, it was found tr1~t t1s1.ng 
a planar nozzle with a concave-convex inner wall resulted in a non-
_uniform total pressure distribution at the nozzle exit outside of the 
-boundary layer region. Also, the regions of low total pressure correa• 
ponded to vortices whose axes had the general direction of the main 
flow. In the case where a planar convergent nozzle with a straight 
inner wall profile was used, there resulted an essentially uniform 
total pressure distribution at the nozzle exit. It must be kept in 
mind that in references [8, 9] a flow straightener was useu in the noz• 
zle only for a few experiments of the overall investigation, 
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while in this study it will.be employed·for nearly all of . . • ... , 
.. 
-the experiments. It was shown in reference [8] that a flow straight-
ener in the nozzle eliminated the midplane (z • 0) vortices, thus pro-
viding a more uniform initial condition for the jet flow over the curved 
wall. 
. In a study of a wall jet, the shape of the leadi~g edge ia a factor 
which must be considered at small setbacks, since it was noted in [9] 
that a sharp leading edge of the reattachment wall produced an acoustic 'l : .' ·_. '. ' .. :. '.. ·. ~. ' . :· : . · .. · .. ·~. . . -.. • . 1 ··· · · · · signal which was termed the jet-edge wall effect. This phenomenon is if. . ' ' ' ' 
1 .. 




- ' J· a . 
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produced at a predominant frequency and it coincides with the shedding 
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of vortices at the leading edge of the wall. This induced sound can 
have an acute effect on the total pressure distribution of the jet. 
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The data of reference [9] were not taken with the intention of 
plotting contours of constant total pressure.; Plots of this nature are 
needed in understanding the mechanisms of three-dimensional deformation 
of the flow field. A more detailed study of the jet-edge wall acoustic 
effect is in order, since only the angles 8 • 12° and 8 • 30• w·ere 
s·tudied for the particular case of strong midplane vortices (no nozzle 
. 1' 
flow-straightener) at.the nozzle exit in reference [9]. An examination 
of the jet total pressure distributions without the presence of the 
• midplane vortices at the nozzle exit for several arc lengths from the 
nozzle exit.will aid in understanding the growth of the edge wall in• 
duced effects •. In the study of nozzle Bin reference (9] only one 
angle (12°) was studied. No consideration was given to the possibility • 
that the flow field can be three-dimensional further downstream everi if ,_ ·. ' ,. ~ ·. • t ;- .. ' J • • 
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profile at the nnzzle exit is uniform. 
effects for nozzle B 1i19re not atudied • 
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of the above inve_stigations were done at angles up to 9 • 30•. It 
is·of interest to examine the deformation of the total pressure pro-
files at angles greater than 30° to further the underatandiiig of the • 
' three-dimensionality of the flow field. 
• 
The experiment& described in this paper were performed with a 
turbulent jet (Rew= 12,400) issuing from a nozzle with an aspect ratio ... 
• 
• 
of three to one. The first part of this experiment is the investigation 
· ·Of the flow field of. a. jet issuing from a nozzle and flowing over a 
curved wall with tw types of leading edges, one type \.;ith the edge of. 
. the reattachment wall being a right angle corner, and the other type 
-having the edge of the reattachment wall rounded off into a quarter of 
a circle with a radius of one nozzle width. This investigation leads 
into consideration of .the previously discovered jet-edge wall phenomenon 
. wbich arises. with the· sharp leading edge {reference. (9)], ,and into the 
effect this phenomenon has on the downstream growth of the jet flowing . •, '(" ~ . - •' . 
,· :-·· .:., ...• \ ·, .... :· .. 
.along the circular wall. • , - :_ . ..- . ·: . . · 
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. The second part of this investigation was a comparison of t.he jet 
issuing £~om two different planar convergent nozzles, one_having a 
concave-convex contraction contour and the other having a straight con-
. . . . .._ . : . .. . . """'. traction contour • 7his part of the study sheds light on the decay '( .. . ' ':.: . . . . . . . "..; . . 
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One geometry had a nozzle with a setback of zero and the other geometry 
had a setback of one with respect to the width of the nozzle. Through-
out this study the control port was open as shown in Figure 3. In the 
outer layer region away from the reattachment wall there waa no ob-
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2. EXPERIMENTAL APPARATUS AND PROCEDURE 
• 
The arrangement of the experimental system is shown in Pigure 1. 
For a detailed description of the apparatus, the reader is referred to 
. 
reference [2]. A few modifications were made, and these modifications 
• will be discussed where appropriate • 
T'-10 nozzles were used in this experiment. The first nozzle, 'Which 
is called nozzle A, had a concave-convex inner contour and the second 
nozzle., ·which is called nozzle B, had a concave-straight inner contour. 
Both these nozzles are shown in Figure 2. From reference [8], it is 
known that at the exit of nozzle A the total pressure profile of the 
flow is non-tinif orm. . .• - .. . - . . . ·-....... • L , i ~ . ,..· 
• 
It is appropriate at this point to discuss the effects of the flow • 
straightener in the nozzle on the nature of the non-uniformities at the 
I 
·nozzle exit. As found in reference [8], when the flow straightener was 
not employed, midplane vortices, along with vortices in the corners of 
. the nozzle at the nozzle exit,were detected. Insertion of the flow 
straightener eliminated the midplane vortices, but the corner vortices 
. 
remained unchanged.· (All vortices had axes with the g-eneral direction 
.· o·f the flow.) However, for the case of nozzle B, the total pressure 
distribution of the core flow at the nozzle exit was uniform reg.ardle.aa 
of whether a flow straightener was used or not. (Subsequent tests 
showed a slight non-uniformity in the boundary layer at the exit of 
• 
nozzle B wheri no flow straightener was used.) Thus for this inve.ati• 
• gation, the initial contours of the jet flow field, as determined by 
,, 
·/) . 
.. .. . _... ... . ·:: :: .".; ·:. the shape of the nozzle exit, are non-uniform (in the corners) for nos• I·: :. . ... _._. ..... ' . .-· .. _. ,·. _· ... · . . . 
. 
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was always employed for nozzle A. These nozzle exit profiles are givea 
· in detail in reference [8]. 
In this experimental investigation both nozzle A and nozzle B bad 
the same values of nozzle exit width (.·25") and nozzle exit height 
(. 75''), thus giving an aspect. ratio of three to one. The values of 
R/W and L/W were both 20:1. 
The entire study was performed at i- a 7 .4 std. ft3 /min. (Wich 
corresponds to R.8w = 12,400). The pressure transducer used \..ras ~·fodel 
PL 283 TC-0.3-350 made by the Statham Corporation, with a strain gage 
signal amplifier Model CA 17-0-14741 made by the same Corporation. The 
power supply used to drive .these units was a Heathkit Model IP-27 giving 
a D-C voltage of 28 volts. The output voltage of this Statham system 
was linearly proportional to the input pressure. Several calibration 
tests were made for this Statham system to verify the linearity for the 
wide range of pressures investigated. The balance of the system was 
particularly critical - especially at lower values of impact pressure. 
Consequently, for each run the balance and calibration were checked be-
fore taking complete data. 
Plots of the total pressure distributio~ between the tl«> parallel 
bounding walls of the test section were obtained by connecting a linear 
potentiometer to the micrometer which moved the pressure probe in the 
horizontal plane. By COilllfcting this potentiometer to a power supply 
and connecting the leads from the potentiometer and the pressure trans--
ducer to an .x-yrecorder (EA.I Model 1125), it was possible to obtain a 
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other in this experiment. The D-C power supply used to run the Bouma 
PN 2001782009 linear potentiometer was a Heathkit Model IP-18 power 
supply which yielded a D-C voltage of 0-15 volts and a current of 0-
500 ma. 
In each test the following experimental procedure was used. The 
• 
air was turned on to the desired flow rate, which in this case was 7.4 ~ 
. '• 
cubic feet per minute. They-input to the x-y recorder was disconnected 
and the zero was adjusted. After reconnecting they-input, the unity 
· ·.·pressure was adjusted using the y-gain on the recorder while the tip of 
'the pressure probe was at the center of the nozzle exit (e.g. in the 
. core of the flow at the exit). After they-adjustment, the x-movemenc 
was adjusted using the zero adjuster and the gain for the x-direction. 
This direction adjustment consisted of first calibrating the movernenc 
of.the pressure probe with that of the x-y recorder pen. , (The ''x'' -
•, . . -.~ .'· •. ,. '· .. 
. · .. -. . 
. ••. ••• 
. 'J 
. ' .. - . . 
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-. ~ . . . . 
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coordinate on the recorder corresponded to the "z '' coordinate on the 
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The probe was finally centered by using the zero knob for the x-coordioate 
·on the recorder • 
' ~ . ' . 
. •, .. · - - . .' ..... 
.. . ' -
. . ' 
' 
. . ;, .• ·~ . 
. ~ . . . 
. ~. . .. 
. . ·. -.· - . 
. • . ." •.; . 
. . ' ~ . 
-. The total pressure probe used for taking the total pressure data 
' . 
. .. had. an outside diameter of O .022 11 [smaller than the one employed by Cha 
.. '· .. , 
. . 
. . ·-·· (reference 2)]o In the performance of the experiment, it was angled to 
the left at an angle of about 7°, so that the probe could be moved very 
close (0.011'') to the left wall. Since the probe was angled to the left1 
.. : .. . .: .- ~ 
' •; 
. . .. ' . 
. . \. . . . . ~ 
. ,· 
it was. impossible to traverse all·the way to the right bounding wall. 
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.. Several sywon,e~ry checks were made by angling the probe to the right. 'l'b• 
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- '' :. '\.,.. 
:·-~.~-·- : ,~· ·.~;·.: .. < .:· .. -... ;· total pressure pro~ile was found to be essentially ~yuaiietrical about - . ' .. •. . -·-· ,. .. • _·. • : ...... ,. • • • i' • 
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Traverses were carried out for several different values of y/W 
and for several different angles along the re.attachment wall. Angle.a 
considered were S = 6°, 12°, 30°, .and 42°. After this direct plotting 
process, the data was reduced by hand to a contour diagram of the con-
stant total pressures which were drawn on a graph with ax.ea y/W veraua 
z/W. 
., 
An analysis of the experimental uncertainty of the collected data 
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3.1 Comparison of sharp and· round leading edge wall for nozzle A. ..  
• 
··· Figure 5 is a graph of total pressure tP) versus z/W for nozzle A 
[ReW Bill _12,400, AR~ 3.0., R/W a 20, S/W • O., C/L a 20, with flow straight-~ 
ener] .· taken normal to the reattachment wall at an angle of 8 • 6· • 
To compare·the effects of the sharp and the round leading edge, valuea 
., 
;of total pressure for identical values of y/W have been taken and super-. \ 
. ·· imposed on each other. The heavy lines are for sharp leading edge.and 
\ 
... 
the dashed lines are for round leading edge. 
From the graph, it is seen that the total pressure distribution 
corresponding to the rounded leading edge seems to be flatter and quite 
uniform., while that for sharp leading edge is more three-dimens io~wl. . ... -
The dips, plane and the bound~ • - • 4 • ·.. . • .. •• ', . . .. 
' . ~ . . : · .. 
. ·- . . 
. f . . .·,·· .. { . 
·. i . . . . • . ,, 
. ·'\ . ' .- . . . -- . - -. . . ~ -r . : : <:, .· . 
·, ' . . . 
. . - . . 
::i!l. : ; · .... --.--:~./:· \ -~-~. --.~ '. ~. -. 
-.... - . - ' .. 
J-.:'· :.·. • .. :· ~}:": · ·. dips is evident for the. rounded leading edge case. Apparently the in-
\\·· ··: .... -~_. ·. · ·· duced sound (by the leading edge) accentuates the formation of the dipa. 
ing walls (for the case of the sharp leading edge), are not well under-
stood at this point. A slight tendency toward the formation of such 
~ . 
• . 
.-i . . . . ·- . . : . . . · .. n .. ·.·.·-.~ .:.·-·\· ... := .. _.·. ~ . . These same type of dips were measured in reference [5] for the physical :J. . . . . ' .. I!:· ... · ... '~- .. ,:·: :_ · .·::,. : 
. ' ·-
. . . . . 
situation of high ~peed flow over a backward facing step. The cause of 
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. :L· .. ·_.· .... , ·> •· · .. •·· •· ... · The dropoff in total pressure as the bounding walls were approached 
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was evidently due to a secondary flow mechanism, and is similar to t.he : ·-1 _ . • . ., . -. . . .- '~· " • . _· .. i ; . :·-.' . ., . \ 
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angle of -6 = 12°. Comparing the two figures for the case of the sharp 
leading edge, it is noted that the total pressure is as high as 0.8 of 
the total pressure at the nozzle exit, while for the round leading e.dge 
it goes only as high as 0.6 of the total pressure at the nozzle exit. 
There is quite a distinctive difference in the shapes of the contour 
lines. The round leading edge constant total pressure contour is rel• 
atively fuller in shape than the sharp leading edge., whicl1 l1~1s taken 
an oval shape~ This difference in distortion of the total 1)re:ss1-1re pro-
files vividly illustrates the difference in the degree of thre~-
dimensionality of the flow for the sharp versus the round leading edge. 
The three-dimensional flow mechanisms are much stronger for the case of 
the sharp leading edge. This is particularly true in the jet outer 
layer. It would be expected that the more three-dimensional the flov, 
the greater the losses, and less total pressure would be available rel-
ative to that available for a two-dimensional flow. However, this is 
apparently not the case in this particular situation. For instance, 
the contour of gJ = 0.6 occupies a greater area for the s11arp leading 
edge than for the case of the rounded leading edge. In addition, as 
·previously noted, a contour of value q> = 0. 8 is present for tl1e case 
of Figure 9, while it was not detectable for Figure 10. It is possible 
that the generation of sound of appropriate frequency (relatively high), 
can retard the midplane decay of the jet. The process by which this 
retardation is accomplished is not clear. From the above plots, it 
may very well be due to the acoustic enhancement of stronger off-
-
midplane three-dimesnional flow mechanisms. It is interesting to not• 
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the growth of the effects of jet edge-wall generated sound with in--
creasing arc lengths from the nozzle.exit. The effects of the jet-edge 
wall generated sound versus no sound (e.g. sharp versus rounded leading 
.edge) are barely detectable at em 12°, while the difference has be-
come very pronounced at G = 30°. In ma.king this observation of the 
·increasing effects of applied sound with increases in arc length, it 
• 
must be pointed out that in going from Ga 6° to ea 12°, the rel-
atively large difference in the sound versus no sound case at e • 6 9 
is damped out at e = 12°. This region, which encompasses arc lengths 
. very close to the nozzle exit, may be regarded a,s the tran.sfo~:1.atiou . 
region from a nozzle flow to a wall jet flow. 
Figure 11 is the total pressure graph at 8 • 30° • It is shown 
· · that the graphs corresponding to the sharp leading edge have very steep 
-slopes coming to a peak in the midplane between the bounding plates., 
Thia 
is obvious in the comparison of y/W c 0.7 an~ y/W a 1.2. The sharp 
• 
l 
. • . • . . 
- . 
. 
t · ... · ,: . ... ·. ·. ··. ·- · leading edge jet has steep slopes because of the acute three-dimensional ~,- : : . ' '. --~' '.; . : . ,_: : . . _: . . . .. . - . . ~ ... ·. . 
- . . ... " :. ._ 
. . . . . . fj /;· /; . .:· .. _. . _ ·.. . motion in the outer layer of the jet. 
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the absolute values of the maximum total pressure contours • arc. cucn 
lower since the entire jet ha.a decayed considerably. Again tl1c. sharp 
.. . .. . . . .. 
. . . 
a higher maxiJDtun contour value {O .5) than the maxit:rUm 
~; : ··:. · . < · · · · round leading edge contour (0.4).., and again the round leading edge ha.a 
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• 
contours which are fuller than those of the sharp leading edge. The 
steeper distributions of total pressure for the sharp leading edge are 
. of the same trend as those illustrated in the figure for e la 30° • 
• 
Figure 14 is a comparison of total pressure distributions for the sharp 
lead.ing edge and the round leading edge at S • 42°. Although the in-
ner layer is reasonably uniform, as can be seen by referring to Figures 
12 and 13 and y/W a 0.84 in Figure 14, the outer layer is highly three-
dimensional • 
• 
3.2 Co~parison for Nozzle··B of two different shapes of. the leading· ·edge of the reattachment wall. . . - . 
For this section of the investigation nozzle B was used, and the . 
constant total pressure contours were compared at e a 30° for nozzle 
.B with a flow straightener and round leading edge wall with those for 
nozz1.e B without a flow straightener and a sharp leading edge wall. • 
·· · (As mentioned earlier, the exit total pressure profiles are essentially .. ·. ~ -: ._' · .. : . ~ .· .. :··.· .;: - : .. '-~'": .,·-: ''... . 
· ., .. ··· .. · . the same for nozzle B, regardless of whether or not a flow straighten.er 





· :_- .-::, .. ·:,._.-:::_·:~-::·.:_.·.-·~= .. · . ·. is ~ployed. A minor difference does exist in the boundary layer as re-
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the jet total pressure profiles would be due to the shape of the leading 
edge of.the wall. Figure 15 represents the case of a sharp leading edge 
and Figure·i6 represents the case of a round leading edge. It is ob-
served from these contours that the total pressure profiles for the t'-10 ~ 
. '.· .. · .; 
jets are similar in the central regions and apparently have not • Deen 
-,-• .. . - ... 
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.- ·•· ··:. _,;:;.:_ ·.- ~::. ·· · distorted r~lative to each o;her, but there is a difference in the region 
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that the difference between the two contours near the bounding wall• 
was caused by the difference in the shapes of the leading edges. How-
ever, this difference in total pressure contour shape, for the case of 
the two different leading edges, is relatively small ~rl1en compared to 
• 
... 
the difference in total pressure contour shapes when nozzle 1:\. w'<J.s era-
ployed (see Figures 9 and 16). In the experiments with nozzle BJ no 
emitted acoustic signal (from the leading edge of the wall) was detected • 
Since this acoustic signal was hypothesized to produce the difference . . .. 
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differences in distributions for nozzle B, lends reinforcement to this 
hypothesis. Apparently, the vena contracta formed immediately outside 
• the exit of nozzle B does not result in the jet-edge wall interaction 
noted with nozzle A, which had nearly parallel streamlines at its exit. 
It should also be noted, from consideration of Figures 15 and 16 that 
even though there is a relatively uniform total pressure profile at the 
exit of .nozzle B., the flow seems to be highly three-dimensional a few 
nozzle widths downstream •.. Thus,.there appears to be a strong three-
. 
dimensional flow mechanism downstream of the nozzle exit which induces 
the three dimensionality portrayed in Figures 15 and 16. 
• 
q:;_ . ' ·, ' • ' - C 
}-1.; ,· 
c;,,l.. ~·· • 
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In comparing Figure 16 with Figure 9 (e.g. nozzle A with flov 
straightener at e a 30° and round leading edge) it can be seen, in gen-
eral., that the total pressure .contour of nozzle Bis more decayed than 
that of nozzle Ao · Figure 9 has a maxiwm total pressure contour of 0.8 • ~ . [:L~ · · . ,· ·. · .~. ·., ·. ·· ~~ ·-.-·. -: · while · ;he_ cc;,rresponding value £or Figure 16 is only O .S. 
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have three-dimensional trends but the shapes of the distorted contours 
are quite different as can be seen by inspection of Figures 9 a.nd 16 • 
Figure 16 has a dip in the central region in the outer layer while Fig-
ure 9 does not. Also the contours of Figure 16" are more spread out in 
the z/W direction while Figure 9 is close to the shape of a.n oval vith the 
lopger side being the y/W direction • 
3.3 Comparison fo·r nozzles-reattachment wall combination with setbacka of zero and one nozzle-.width of the reattachment wall. · 
For this part of the investigation nozzle B (without a flow atraigh&-. 
ener) was u~ed. Figure 17 is the constant total pressure contour at 
. 8 a 6° with a setback of zero and Figure 18 is the constant total prea• 
.sure contour at .8 = ·6° with a setback of one nozzle width. It is ob-
served, in general, that the jet is displaced upwards by a distance of 
approximately one nozzle width for the case of the one nozzle width set• 
back. It is also evident that for the one·nozzle width setback, in the 
. 
. 
·inner layer, the .total pressure contours display a curvature indicating 
. the presence of a three-dimensional mechanism. This trend is not aho·wn 
for the case of zero setback. Apparently the ability of the jet to en• 
• 
• 
•. .- . 
i 
.. : -1 
;_··j. 
,;·' l· . . . . 
.•. >'. ., . t 
. . . ,• : ·-. 
•{.1 :: ·_ .. '• .... 
_.·.train from the separation bubble region is conducive to the g'X'owtb of 
. the three-dimensional flow field. In the outer layer, the three- • .. 
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·dimensionality is ·observed for both values of setback. • 
• 
Figure 19 gives the c~nstant total pressure contours (for both 
-setbacks) at the angle e .• 30°. The dashed lines are for a setback 
of one and the.solid lines are for a setback of zero nozzle width. Again 
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it is noted that the core section of the total pressure contours of the 
jet is displaced upwards for the case of one nozzle width. It is also 
observed that for a setback of one, there is no contour corresponding 
to ·<j) = 0.5. It is evident that the setback causes an effective stretch• 
·A ing or broadening of the jet in the direction normal to the reattach:-nent 
wall. If the inner layers of both jets are compared, it is seen that 
the S/W = 0 case is much more three-dimensional than the S/W .. 1 case. 
This may mean that the streamline curvature in the inner layer of the 
more developed wall jet of the S/W = 0 case has had sufficient are length 
to develop appreciable secondary flows. 
Figure 20 represents the constant total pressure contours for set-
backs of zero and one at ea 42°. The solid lines are for the setback 
of zero a~ the dashed lines are for a setback of one. As at 30°, the 
core flow of the jet of the setback of one is shifted upwards relative 
to the core flow of the jet of S/W = O. Also it is observed that the 
S/W = 0 case possesses a sharper peak near the maxinnam velocity region 







































This experimental investigation has shown that for the parameter• studied herein: 
1. Jets issuing from nozzles which produce parallel streamlines at the 
nozzle exit and attaching to walls with a small setback and a sr1arp leading edge yield more three-dimensional distortion of ~all jet 
constant total pressure contours than those corresponding to walls 
with rounded leading edges. Also, the maximun1 vall1e of totcJ.l pres-
s·ure decays faster with increasing dis~ance from the nozzl~ ~):it for the rounded leading edge. These differences are attributable to the previously discovered jet-wall edge effect. 




The effect of a relatively large setback (0.5W) is to cause stretching or broadening of the contours of constant total pressure in a direction 
normal to the attachment wall. 
Although jets issuing from nozzles with essentially uniform con-ditions at the exit (with a vena contracta fanned outs icie tr1e noz-
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APPENDIX 
EXPERIMENTAL UNCERTAINTY 
In performing this investigation, it was found that a slight change 
of the total pressure probe location in they-direction in the region 
near the wall gave a significant change in the total pressure the probe 
indicated. This region is called the high gradient region. It is nec-
essary to make an order of magnitude estimate of the error induced by 
moving the total pressure probe a small distance in this high gradient 
• region. 
Using the data of Figure 7, a total pressure profile is plotted at 
the midplane (e.g. ~W = O). This plot, shown in Figure 21, serves as 
a typical total pressure profile, and it will be used to illustrate the 
experimental.uncertainty in the high gradient region. 
CALCULATIONS 
A typical calculation for the percentage change of the total pres-
sure value for a slight change in location of the total pressure probe 
will be carried out, and point ''B" on Figure 23 will be used for the 
sample calculations. 
First a slope at point ''B" on the total pressure profile is needed. 
Slope (m) change in y/W = [.A (y/W)] 
change in 'ff c:z [ AP ] 
Drawing a tangent at point Band taking the corresponding small 
~ 
changes on both axes of the profile1 
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Taking a small change in ''·y'' around point B> e.g. Ay •o.002.S'', 
and knowing that the width of the nozzle ( w) is 0.25'', A (y/'w) can 
· be calculated :. A (y/"W} =O()~~~S c .01 
Since it is known that 
,_ m c::a 
~( 
the change in the total pressure can be calculated: • 
= b. (y/W) 
m 
c .Ol a .02 
.5 
To calculate the percentage change in the total pressure, Figure 23 ia 
• 
• 
referred to, and it is seen that~ at point Bis 0.6. Therefore, the . 
percentage change, which is 
X 100 
, 
can be calculated. 
% change= g:~2 x 100 = 3.33% 
Calculations for points C and D for 4.y m .005 '' and also for B, C, 
and D for A y = .010'' are shown in the table below. 
ooints · m(slope) v(in inches) (y /Ttl) A(P) ~ % c11an~e B o.s 
.0025 
.01 .02 ,- \ 3.33 ' .o : I 
.o 17 I C 0.6 .0025 .01 . 7 2.43 D 0.75 
.0025 
.01 013 ,, 1 7 ... • 0 .J.. • ) • ! 
I T B o.s .oos 
.02 





.034 " 7 4.86 I D 0.75 .oos 
.02 .026 (I I 3.50 • 0 I . 
. As can be seen from the table, point B, which is closest to the wall, 
has the largest change in the·total pressure for the same amount of 
. ' 
. -44--
' -: • 
• . 
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change in they-direction. This change is more dramatic in column 7 
which gives the percentage change in total pressure as a f,unction of 
change in probe location. It is this uncertainty near the inner wall, 
'.in the boundary layer of· the jet, which makes it difficult to obtain 
accurate data close to the wall. Since the o. d. of the total pressure 
probe is .022'', it can be seen from the calculations that a c11a:1t;e of 
less than the radius (e.g •• 005'') is large enough to cause quite a s1.g-
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